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Summary

The geometries of cis- and trans-bis(1,4-trimethylsilyl)-1,2,3,4,5,6-hexamethyl-1,4-
disilacyclohexa-2,5-diene have been studied by '*C NMR and X-ray single crystal
analysis. The trans isomer adopts a nearly planar conformation with a slight
deformation toward a chair form which is most likely caused by steric interactions
between the vinyl-methyl substituents and the groups on the ring silicon atoms.
Unlike the trans isomer and the other previously reported disilacyclohexadienes, the
cis isomer resides in a slightly twisted boat conformation. The two bulky trimethyl-
silyl substituents are located in pseudo-axial positions. This finding is in accord with
recent calculations which predict the bulky 1,4 substituents should occupy axial
positions in the cyclohexa-2,5-dienyl ring system.

Introduction

The 1,4-disilacyclohexa-2,5-diene ring system was first prepared by Vol’pin and
coworkers in 1962 from the reaction of dimethyldichlorosilane, diphenylacetylene
and lithium. The products from this reaction were originally proposed to be a
silacyclopropene, however a year later the correct structure assignment was estab-
lished [1,2]. Later studies showed that this ring system is the general product from
the thermal reaction of silylenes, the silicon analogs of carbenes, and acetylenes [3].
There has been considerable interest in the mechanism of the formation of these
1,4-disilacyclohexane-2,5-dienes [4], but relatively little has been reported about their
conformational geometry [5,6].

The geometry of the analogous carbon compounds, 1,4-cyclohexadienes, has been
the subject of a lengthy controversy. It is now generally accepted that 1,4-cyclohe-
xadiene itself prefers a planar orientation rather than ring flipping between boat

* Dedicated to Professor Raymond Calas for more than 30 years of outstanding research in the field of
organometallic chemistry and on the occasion of his 70th birthday, April 8, 1984.
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conformations. From analysis of homoallylic ring coupling constants, several sub-
stituted 1,4-cyclohexadienes are now known to have either planar or greatly flat-
tened boat conformations [7,8]. In contrast, substitution of a heteroatom in the
1,4-positions leads to substantial distortion of the ring structure from planarity.
X-Ray analysis of dithiadiene [9] and 1,4-di-p-chlorophenyl-2,6-diphenyl-1,4-dihy-
dropyrazine [10] have shown these compounds to be in a boat conformation with the
latter example having the nitrogen atoms bent out of the plane of the sp? carbon
atoms by 37.3°C.

Previous X-ray analysis of 1,4-digermacyclohexa-2,5-dienes by Vol'pin et al.
showed the ring structures to be planar [S]). There have been only two reports of
1,4-disilacyclohexadiene structures, by Vol'pin et al. [5] and recently by Ishikawa
and coworkers [6]. Both examples showed the ring structures to be nearly planar
with slight distortion toward a chair-like structure. In both cases the olefinic carbons
were substituted by bulky phenyl substituents which may affect the ring geometry.
In this paper we report a study of the conformational properties of cis- and
trans-1,4-bis(trimethylsilyl)hexamethyl-1,4-disilacyclohexa-2,5-diene by temperature
dependent 1*C NMR and determination of solid state structures of both compounds
by X-ray crystallography.

B3C NMR

Cis- and trans-1,4-dimethoxyhexamethyl-1,4-disilacyclohexadiene (4) were synthe-
sized by the static pyrolysis of sym-tetramethoxydimethyldisilane (3) and dimethyl-
acetylene according to the procedure of Atwell and Weyenberg [3b] (Scheme 1).

CH0  OCH, CHO-
[ ' CH3
. . . (a)
CH3S||—T|CH3 + CHC==CCH; ———
3
CH,0  OCH, CH3O/ \
(3) (4)
(b)
SiMe cl CH
3 3 3
\ - CH, \si/ CH,
—~—
CH3 CH CHy Si CH,
S|Me CI/ \CHS
(cis,1 ; (5)
(trans, 2)

SCHEME 1. a. Thermolysis, 240°C, sealed tube, b. Refluxing acetyl chloride, 3 days. c. Lithium,
trimethylchlorosilane, 0°C.
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Reaction of 4 in refluxing acetyl chloride for 3 d gave a 1 /1 mixture of the cis- and
trans-dichlorides (5) in 60% yield. Lithium cocondensation of 5 with trimethylchloro-
silane afforded the bis(trimethylsilyl) compounds 1 and 2 as a 4/1 ratio of isomers
in 71% overall yield. Unlike most sets of isomers of 1,4-disilacyclohexadienes, which
cannot be conveniently separated, 1 and 2 were easily separated by preparative gas
chromatography.

In principle it is possible to distinguish the cis and trans isomers, 1 and 2, by
temperature dependent NMR if the preferred low energy form of the 1,4-disilacyc-
lohexadienes is the boat form. In this case, the observed chemical shifts for the
trimethylsilyl and methylsilyl resonances of each geometric isomer will be repre-
sented by the equation.

8obs = X181 + X8,

where X, and X, are the mole fractions of both conformational forms and &, and &,
are the chemical shifts for each of the pure conformers. As shown in Fig, 1, the trans
isomer 2 undergoes ring exchange between two conformational forms of equal
energy ( X; = X;) so the observed trimethylsilyl and methylsilyl resonances should be
temperature independent [11]. The cis isomer exchanges between one conformer
containing two axial trimethylsilyl groups and one having two equatorial trimethyl-
silyl groups. Assuming that the chemical shifts for an axial and equatorial SiMe, are
not accidentally equivalent, the cis isomer should exhibit a temperature dependent
NMR spectrum if the molecule is oscillating between boat forms in solution.

An NMR sample containing a 4/1 mixture of cis-1 and trans-2 was prepared in
deuterochloroform and analyzed by temperature dependent '*C NMR (200 mHz)
over the range — 50 to + 50°C. Table 1 lists the proton and *C chemical shifts for 1
and 2. (Absolute assignment of cis and trans was based on X-ray structure informa-
tion, vide infra.) Plots of the temperature dependent *C spectra for the vinyl and
allylic methyl carbon atoms are shown in Fig. 2. The *C chemical shifts of the
methylsilyl and trimethylsilyl carbon atoms versus temperature are shown in Fig. 3.

SliMe3 ?H3

. = K=l Si Si
Me_Si ~
3 CH CH N o
Ng \SP/ 3 3\ eo—eo / SlMe3
' | ——

CHy SiMe ;
® =C-CHy
TlMe3 ?iMea
= Kt Si Si
— -~
MeaSi_ TN sime N3 \\0'—0// NeHg
' Si 3 —_
J l I
CH3 CH3

Fig. 1. Possible ring flipping equilibria between boat conformers of cis- and trans-bis(1,4-
trimethylsilyl)hexamethyl-1,4-disilacyclohexa-2,5-diene.
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TABLE 1

PROTON AND *C SOLUTION CHEMICAL SHIFTS OF

b

3\/

SI(CH3)3

XL

CH, CH,
CH 3 SI( CH 3 ) 3
CH,® CH,® CH,®@ Ring C

Proton ¢

cis 1 0.033 0.205 1.736 -

trans 2 0.020 0.187 1.722 -
Carbon ®

cis 1 -0.610 —5.186 18.066 146.205

trans 2 —-0.939 —-6.193 17.957 146.380

@ 270 MHz (24°C) C4D; & values (ppm) reference C,D;H chemical shift +0.002 ppm. © 200 MHz
(15°C) C¢Dy, 8 values (ppm) reference C,Dy.
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Fig. 2. Top: Temperature dependent '*C chemical shifts for the vinyl carbon resonances. Cis isomer 1,
(O); trans isomer 2 (a); cis isomer after viscosity shifting correction (- - - - - - ). Bottom: Temperature
dependence of the allylic methyl carbon atom ' C chemical shifts. Cis isomer 1 (O); trans isomer (v); cis
isomer after viscosity shifting corrections (- - - - - - ).
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The NMR results indicate that if the isomers are in fact ring flipping between boat
conformers, the energy of activation for this process must be small. Over the
temperature range examined no broadening of the NMR lines was observed as
would be expected if the individual conformers were being frozen out.

Solution viscosity effects are known to cause slight, temperature dependent
changes in the observed chemical shifts [13]. Since the trans isomer is predicted to
show little change in chemical shift due to conformational effects, the temperature
dependent shifts for 2 can be explained by viscosity effects. Assuming that viscosity
effects for the trans isomer are nearly equal to those for the cis conformer, the net
chemical shift change of the cis isomer due to conformational differences can be
determined by subtracting the change in slope of the temperature dependent plots
for the trans isomer from those of the cis isomer. The viscosity corrected temperature
dependent chemical shifts for the cis isomer are shown by the dashed lines in Fig, 2
and 3.

The vinyl and allylic methyl resonances should be insensitive to ring flipping
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Fig. 3. Top: Temperature dependent '*C chemical shifts for the trimethylsilyl carbon resonances. Cis
isomer (+); trans isomer (X); cis isomer after viscosity shifting correction (- -- - - - ). Bottom: Temper-
ature dependence of the methylsilyl carbon atom '?C chemical shifts. Cis isomer (Q); trans isomer (&); cis
isomer after viscosity shifting correction.
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effects and this is indicated by the nearly parallel lines for these carbons in both
cis-1 and trans-2. The corrected chemical shifts for cis-1 are nearly temperature
independent in both examples (see Fig. 2). The trimethylsilyl and methylsilyl
resonances are not parallel, with the most dramatic difference seen for the methyl-
silyl peaks. The corrected cis value for the methylsilyl peak shows a temperature
dependent shift of 0.5 ppm over a 100° range (see Fig. 2) [14].

There are several possible ways in which the results could be explained, but a very
likely possibility is that 1 exists in solution in nonequivalent boat forms which
undergo rapid interconversion by ring flipping. Because of the symmetry properties
of the trans isomer, the NMR experiment does not provide any information about
the solution geometry of 2. In order to obtain more conclusive evidence about the
structures of 1 and 2, these compounds were investigated by X-ray crystallography.

X-Ray results

X-Ray analysis showed that the major product from the reaction of 1,4-dichloro-
hexamethyl-1,4-disilacyclohexa-2,5-diene and trimethylchlorosilane with lithium was
the cis isomer, 1, with the minor product being trans-2. Selected interatomic
distances (A) and bond angles (degree) for 1 and 2 are given in Tables 2 and 3,
respectively. Table 4 presents the least-squares planes and distances (A) of the
individual atoms from the planes for 1 and 2, respectively. The Si—C bond lengths
range from 1.868(2) to 1.884(2) A in 1 with an average of 1.874(3) A and in 2 they
range from 1.870(2) to 1.878(2) A with an average of 1.873(3) A. The Si-Si bond
distances are 2.360(1) and 2.362(1) Ain1and2, respectively. The Si-Si, Si—C and
C-C bond distances are all within the normally observed ranges, and there are no
unusual bond angles. The hydrogen atoms were refined for both 1 and 2 and the
C-H distances, ranging from 0.88-1.02 A, are given in Table 8.

The 1,4-disilacyclohexadiene ring structure of the frans isomer, 2, exhibits re-
markable planarity as can be seen in Fig. 5b, the view parallel to the four olefinic
carbon atoms (Plane A in Table 4; in fact, the four olefinic carbon atoms are
required to be planar by the crystallographic inversion center in the molecule). Si(1)
and its centrosymmetric counterpart deviate from the olefinic carbon atom plane
(Plane A) by only 0.072 A in trans-2. This 0.072 A deviation of Si(1) from the
olefinic carbon atom plane is slightly larger than in trans-1,4-dimethyl-1,2,4,5-tetra-
phenyl-3,6-bis(trimethylsilyl)-1,4-disilacyclohexa-2,5-diene (6) reported by Ishikawa
et al. [6] (0.054 A) and smaller than in 1,1,4,4-tetramethyl-2,3,5,6-tetraphenyl-1,4-dis-
ilacyclohexa-2,5-diene, (7) reported by Vol’pin et al. [5] (0.146 A). In accord with
previously studied 1,4-disilacyclohexa-2,5-dienes, the small distortion which is ob-
served orients the molecule slightly in the chair conformation rather than the boat
form; the larger SiMe; groups orient in the axial directions. The plane passing
through Si(1) and its attached olefinic carbon atoms (Plane B) forms an angle of four
degrees with the plane of the four olefinic carbon atoms (Plane A), a value which is
intermediate between those observed previously for similar planes in 6 and 7 of 3
and 7.8 degrees, respectively. Similar to the previous examples [5,6], trans-2 forms a
perfect chair (required by the inversion center). As in the case of the tetraphenyl
derivatives, the allylic methyl groups in 2 distort above and below the plane of the
cyclic vinyl carbons (C(4), 0.050; C(5), —0.035 A).

Unlike all previously studied 1,4-disilacyclohexa-2,5-dienes, the cis molecule

(Continued on p. 69)
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distorts from planarity to form a slightly twisted boat conformer. The four olefinic
carbon atoms are slightly skewed as shown in Fig. 4b. The distance of each carbon
atom from the least-squares plane (C) through the olefinic carbons is given in Table
4. Si(1) and Si(2) deviate from plane C by 0.150 and 0.200 A. The least-squares
planes D, Si(1)-C(1)~-C(3), and E, Si(2)-C(5)-C(7) (see Fig. 4b), make angles of 8.4
and 11.1° with least-squares plane C, respectively. The two large trimethylsilyl
groups occupy pseudoaxial positions while the smaller methyl groups are in pseudo-
equatorial orientations.

Current knowledge of the effects of substituents on the preferred conformations
of 1,4-dihydrobenzenes is incomplete, but suggests that cis-1,4-disubstituted 1,4-di-
hydrobenzenes with large substituents prefer boat conformers in which the larger
groups are thought to occupy equatorial positions. In contrast, the planar structure
is preferred for the corresponding trans isomers [15]. These results have been
rationalized as follows: In a planar ring, 1,4-interactions may be expected across the
ring between large substituents in the cis compounds. Distortion of the molecule to a

TABLE 4

EQUATIONS OF THE LEAST SQUARES PLANES AND DISTANCES (A) TO THE INDIVIDUAL
ATOMS FROM THE PLANES FOR i ,C;Hg.

trans - Isomer (2)
Plane A: C(1), C(2), C(1"), C(2)
0.7870x +0.3246y —0.5246z —3.3001 = 0

8} 0.0 C4) 0.050 Si(1) —0072
Q) 0.0 c(5) -0.035 Si(1") 0.072
ca) 0.0 @) -0.050
c) 0.0 C(5) 0.035

Plane B: Si(1), C(1), C(2)
0.7620x +0.2895y —0.57942 — 3.1480 = 0

Si(1) 0.0 Si(1%) —0.094 o) 0.105
c(1) 0.0 Q) —0.094 () 0.021
Q) 0.0 ) —0.094 c@) -0.198

() —-0.115

cis - Isomer (1)

Plane C: C(1), C(3), C(5), C(T)
0.7009x +0.2031x — 0.68382 +1.9669 = 0

Q) 0.037 Q) 0.174 Si(1) —0.150
c3) ~0.037 @ 0.013 Si(2) —0.200
c) 0.037 C(6) 0.193
(7 ~0.037 () 0.002

Plane D: Si(1), C(1), C(3)
0.7588x +0.0734x —0.6472z +1.6632 = 0

Si(1) 0.0 Si(2) ~0.541 - Q) 0.220
cQ) 0.0 C5) -0.121 @) 0.194
co) 0.0 oM ~0.268 C(6) -0.051

Cc@®) -0375

Plane E:  Si(2), C(5), C(7)
0.5973x +0.3635y —0.7149z +2.6184 = 0

Si(2) 0.0 Si(1) ~0.603 Q) -0.174
) 0.0 Q) ~0.186 @ ~0.462
o) 0.0 (%)) ~0.330 C(6) 0275

c®) 0.220
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Fig. 4. ORTEP drawings of cis-Si4C,sH4 (1). Hydrogen atoms have been omitted for clarity. Thermal
elipsoids are drawn at the 50% probability level.

boat form alleviates the steric congestion by placing the large substituents in
pseudoequatorial environments. For the trans isomers, puckering to a boat form
forces one substituent to an unfavorable axial position, whereas planar geometry can
accommodate both substituents with no 1,4-interactions whatsoever.

However, recent theoretical work has placed doubts on this argument [8a].
Calculations indicate that bulky cis substituents in 1,4-cyclohexadienes actually
prefer the axial positions. In the series of dihydroaromatic compounds, 1,4-dihydro-
benzene, 1,4-dihydronaphthalene and 9,10-dihydroanthracene, nonbonded interac-
tions are minimized in the axial position and maximized in the equatorial position
where the substituent is eclipsed with the adjacent vinyl hydrogen atoms.

Our results are in accord with these calculations. The cis isomer has a slightly
twisted boat shape with the large groups pseudoaxial [16]. If the major steric
interaction is indeed between the 1,4-substituents and the adjacent vinyl carbon
substituent, then for cis-1 these repulsions should be large due to the presence of the
allylic methyl groups. On this basis, more pronounced distortion to the boat form
might be expected than that actually observed. The trans form is nearly planar (very
slightly chair distorted), similar to trans-1,4-dihydrobenzenes. The more severe
distortions found in the 1,4-disilacyclohexadienes studied earlier probably are due to
the presence of phenyl substituents on the carbons.
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Fig. 5. ORTEP drawings of trans-Si,C,¢H 35 (2). Hydrogen atoms have been omitted for clarity. Thermal
elipsoids are drawn at the 50% probability level.

Experimental

General. Proton NMR was recorded on a Bruker WH270 MHz spectrometer
equipped with a variable temperature probe which was precalibrated before use.
Carbon-13 spectra were obtained on a JEOL FX-200 NMR spectrometer. Both
proton and carbon samples were prepared in CDCl, with the CHCl, spectrum used
as an internal standard. Proton spectra were recorded at — 50, 0, +25 and +50°C,
and carbon spectra were recorded at —61, —30, 0, +15 and +35°C.

All chemical reactions were carried out under an atmosphere of dry nitrogen.
Analytical GLC were performed-on a Hewlett—Packard Model 5720A gas chromato-
graph. Preparative GLC was carried out on a Varian Aerograph Model 90-P. All
reagents not referenced were commercially available.

Synthesis of 1,4-dimethoxyhexamethyl-1,4-disilacyclohexa-2,5-diene. The proce-
dure used was a modification of ‘the synthesis described by Atwell and Weyenberg
[3]. sym-Tetramethoxydimethyldisilane, 6.36 g (3.0 X 10~2 mol) and 2.9 g (5.4 X 10~ 2
mol) of 2-butyne were placed neat into a 25 ml thick walled sealed tube (3 mm glass)
and after several freeze-thaw degassing cycles the tube was sealed under a high
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vacuum (5 X 10~> Torr). The reaction vessel was placed in a Lindberg furnace
(Fischer Model No. 55035) and pyrolyzed for 18 h at 250-260°C. CAUTION:
during two of the experiments the tube exploded violently. Therefore appropriate
high pressure safety procedure should be taken. The tube was removed and cooled to
—196°C before opening. The volatile reaction products, mostly (MeO),SiMe, were
removed in vacuo leaving 3.5 g (90%) of crude 1,4-dimethoxyhexamethyl-1,4-dis-
ilacyclohexa-2,5-diene as an oily solid. This material was generally used without
further purification, but could be recrystallized from CCl, if higher purity was
required. NMR analysis showed a ~ 4/1 ratio of isomers.

NMR (major isomer, CDCl,): § 3.20 (s, 6H), 1.80(s, 12H), 0.0(s, 6H) ppm; minor
isomer: 8 3.17 (s, 6H), 1.80(s, 12H), 0.02(s, 6H) ppm. Careful recrystallization of the
material from CCl, afforded only one of the isomers as determined by NMR.

Synthesis of 1,4-dichlorohexamethyl-1,4-disilacyclohexa-2,5-diene. A solution of
8.5 g (3.3 X 10~? mol) of a mixture of isomers of 1,4-dimethoxyhexamethyl-1,4-di-
silacyclohexa-2,5-diene and 30 ml of acetyl chloride was heated to reflux for three
days. The excess acetyl chloride and the methyl acetate formed were distilled under
nitrogen with the final amounts being removed under high vacuum. 1,4-Dichloro-
hexamethyl-1,4-disilacyclohexa-2,5-diene was isolated by sublimation (70°C, 1 Torr)
from the distillation residue material (5.2 g, 60%). GLC analysis showed the product
to be a nearly 1/1 mixture of isomers. NMR (CCl,, CHCI, ref): isomer 1: § 1.85(s,
12H), 0.42 (s, 6H) ppm; isomer 2: §1.85(s, 12H), 0.39(s, 6H) ppm; mass spec. calcd.
264.0324; obs. 264.0325; dev. 0.4 ppm.

Synthesis of cis and trans-1,4-bis(trimethylsilyl)-hexamethyl-1,4-disilacyclo-
hexa-2,5-diene (I and 2). All reactions were carried out in Schlenk glassware under
an atmosphere of dry argon. A highly reactive mirror of lithium was prepared by
dissolving 0.11 g, (1.51 mmol) of lithium wire in liquid ammonia and then removing
the NH, under high vacuum. Ten ml of dry THF was added and the mixture stirred
at room temperature. A mixture of 1.00 g (3.77 mmol) of cis- and trans-1,4-dichloro-
hexamethyl-1,4-disilacyclohexane-2,5-diene and 0.86 g (7.92 mmol) of trimethylchlo-
rosilane was dissolved in 5 ml of THF. This solution was slowly added to the lithium
metal and after the addition was complete the mixture was stirred for 2 h at room
temperature. The solution was poured onto 10% aqueous HCI and extracted with
ether. After aqueous washing and drying over sodium sulfate the solvent was
removed in vacuo to leave the crude product as a waxy solid. Preparative gas
chromatography (6’ X 3 /8" 20% SE30 Chromosorb W 60,/80, 205°C) readily sepa-
rated the isomers giving 81% cis-1,4-bis(trimethylsilyl)hexamethyl-1,4-disilacyc-
lohexa-2,5-diene (1) and 19% trans-1,4 bis{(trimethylsilyl)hexamethyl-1,4-disilacyc-
lohexa-2,5-diene (2).

X-Ray data collection. Crystals of cis- and trans-1,4-bis(trimethylsilyl)1,2,3,4,5,6-
hexamethyl-1,4-disilacyclohexa-2,5-diene (1 and 2) were obtained by vapor diffusion
at room temperature using Et,O as a solvent and MeOH as a non-solvent. Data
were collected on a Syntex-Nicolet P1 four-circle diffractometer equipped with a
modified LT-1 low temperature device. Unit cell parameters were obtained from
least-squares refinements based on the setting angles of 60 reflections collected at
+28 (|26} ~ 30°) at the same temperature as the data collection. The dimensions of
the crystals, the unit cell parameters and other crystal data are listed in Table 5.
Delauney cell reductions did not reveal any hidden symmetry.
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TABLE 5
SUMMARY OF CRYSTAL DATA AND INTENSITY COLLECTION

Parameters cis-Si,CigHag trans-Si ,C¢H
0y ¢)]

Crystal dimensions (mm) 0.20 x0.20 X 0.45 0.55x%0.55x%0.20
Temperature (°C) —65+5 —55+5
Cell parameters a (A) 9.955(2) 8.386(1)

b(A) 15.568(3) 9.526(2)

cA) 7.951(2) 14.143(2)

a (deg) 104.43(2)

B (deg) 107.80(2) 97.98(1)

¥ (deg) 98.95(1)

V(A% 1100.0 1118.9
Space group P1 P2,
z 2 2
Density, calculated (g/cm’) 1.03 1.01
Radiation graphite, monochromated

Mo-K,, (X 0.71073 A)
Absorption coefficient, u (cm 1) 2.24 2.20
Scan range (deg below 28(K,,) 08 08
(deg above 28(K,,,) 0.8 0.8

Scan rate  (deg/min) 24-240 2.0-240
20 limits  (deg) 3.5-54.9 3.5-58.7
Sin 0/A ,, (A1) 0.649 0.690
Unique data, theoretical 5029 3074
observed, F, > 30(F,) 3780 2581

Intensity data were collected with the crystals used for the preliminary examina-
tions. Details of the intensity measurements are given in Table 5. Four standard
reflections from diverse regions of reciprocal space were measured every 50 reflec-
tions throughout data collection to monitor the long term stability. There were no
significant trends for either compound. Structure amplitudes and their standard
deviations were calculated from the intensity data by procedures similar to those
described previously [17]. Absorption corrections were not applied.

Structure solution and refinement. The structures were solved by direct methods
using the MULTAN package [18). The positions of the silicon atoms and several of
the carbon atoms were revealed by the E maps and the rest of the carbon atoms were
located by subsequent electron density difference maps. The full-matrix least-squares
refinements of the structures were based on F, and used the reflections with
F, > 3a(F,). Both structures were initially refined to convergence using isotropic
thermal parameters for the non-hydrogen atoms. Difference electron density maps
revealed the positions for all the hydrogen atoms. In the final cycles of refinement all
non-hydrogen atoms were assumed to vibrate anisotropically and all hydrogen
atoms were assumed to vibrate isotropically. Atomic form factors were taken from
standard references [19,20].

The hydrogen atom parameters were refined in the final cycles of refinement of
both compounds. The final values of the discrepancy indices for trans-Si,C,sH;¢
were R, = Z|F,|~|FI/Z|F,|=0033 and R,=[Zw(F,| - |ED*/Ew(E,)*]"? =

(Continued on p. 77)
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TABLE 8
INTERATOMIC CARBON AND HYDROGEN DISTANCES (A)

trans-8i ,C,H,,(1)

C(3)-H{3a) 0.96(3) C(5)-H(5A) 0.95(3) C(7)-H(7A) 0.99(3)
C(3)-H(3B) 0.96(3) C(5)-H(5B) 0.93(3) C(7)-H(7B) 0.96(3)
C(3)-H(3C) 0.89%(3) C(5)-H(5C) 0.93(3) C(NH-H(TC) 0.89(2)
C(4)-H(4A) 0.95(3) C(6)-H(6A) 0.99(3) C(8)-H(8A) 0.96(3)
C(4)-H(4B) 0.90(3) C(6)-H(6B) 0.96(3) C(8)-H(8B) 1.00(3)
C(4)-H(4C) 1.00(3) C(6)-H(6C) 0.92(3) C(8)-H(8C) 1.02(3)
cis-8i 4C; s H34(2)

C(2)-HQ2A) 0.93(4) C(9)-H(%A) 0.92(3) C(13)-H(13A) 0.91(3)
C(2)-H(2B) 0.93(4) C(9)-H(9B) 1.01(3) C(13)-H(13B) 1.01(3)
C(2)-H(2C) 0.91(4) C(9)-H(9C) 0.91(3) C(13)~-H(Q13C) 0.88(3)
C(4)-H(4A) 0.88(3) C(10)-H(10A) 0.97(3) C(14)~-H(14A) 0.90(3)
C(4)-H(4B) 0.92(3) C(10)-H(10B) 0.95(3) C(14)~-H(14B) 0.95(3)
C(4)-H(4C) 0.98(3) C(10)-H(10C) 0.95(3) C(14)~H(14C) 0.94(3)
C(6)-H(6A) 0.91(4) C(11)-H(11A) 0.96(3) C(15)-H(15A) 0.92(3)
C(6)-H(6B) 0.94(4) C(11)-H(11B) 0.95(3) C(15)~-H(15B) 0.93(3)
C(6)-H(6C) 0.91(5) C(11)-H(11C) 0.94(3) C(15)~H(15C) 0.89(4)
C(8)-H(8A) 0.93(4) C(12)-H(12A) 0.94(4) C(16)~H(16A) 0.91(3)
C(8)-H(8B) 0.88(4) C(12)-H(12B) 0.92(3) C(16)-H(16B) 0.95(3)
C(8)-H(8C) 0.98(4) C(12)-HQ12C) 0.93(3) C(16)-H(16C) 0.98(3)

0.044. The estimated standard deviation of an observation of unit weight was 1.49,
with a final data/variable ratio of 15.9. The final difference electron density map
was featureless. Final atomic coordinates and anisotropic thermal parameters are
given in Table 7 and selected distances and angles are given in Table 3. A listing of
observed and calculated structure factors (X10) is available as supplementary
material (Table 12),

The final values of the discrepancy indices for cis-Si,C,¢H;; were R, = Z(|F,| —
|F.D/ZIF,|=0.040 and R, =[Ew(|F,| - |E.)%/Sw(F,)*]"/? = 0.046. The estimated
standard deviation of an observation of unit weight was 1.30, the final data /variable
ratio was 11.7. There were no significant features on the final difference electron
density map. Final atomic coordinates and anisotropic thermal parameters are given
in Table 6 and selected distances and angles are given in Table 2. A listing of
observed and calculated structure factors (x10) is available as supplementary
material (Table 11).
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